The Tibetan Plateau is a storehouse of excess gravitational potential energy accumulated through crustal thickening during India-Asia collision, and the contrast in potential energy between the Plateau and its surroundings strongly influences the modern tectonics of south As•a. The distribution of potential energy anomalies across the region, derived from geopotential models, indicates that the H•malayan front is the optimal location for focused dissipation of excess energy stored in the Plateau. The modem pattern of deformation and erosion in the Himalaya provides an efficient mechanism for such dissipation, and a review of the Neogene geological evolution of southern Tibet and the Himalaya shows that this mechanism has been operational for at least the past 20 million years. This persistence of deformational and erosional style suggests to us that orogens, like other complex systems, can evolve toward "steady state" configurations maintained by the continuous flow of energy. The capacity of orogenic systems to self-organize into temporally persistent structural and erosional patterns suggests that the tectonic history of a mountain range may depend on local energetics as much as it does on far-field plate interactions.
Introduction
From the perspective of thermodynamics the development and evolution of orogenic systems involves three kinds of processes: those that serve to accumulate energy, those that transfer energy from one part of the system to another, and those that help dissipate excess energy. Crustal thickening and other forms of energy accumulation in orogenic settings are predominantly caused by lithospheric plate interactions; as a consequence, the rates at which they occur and the geometries of the structures they produce are at least broadly related to plate motions. On the other hand, processes responsible for the transferal or dissipation of energy are more dependent on the abundance and distribution of matter within an orogenic system, making their spatial and temporal evolution impossible to predict from plate tectonic principles alone. If we aspire to a comprehensive understanding of orogenesis, we must look more closely at the distribution of energy in orogenic systems because, at least in theory, gradients in that distribution should drive the processes of energy transfer and dissipation.
In this paper, we show that the distribution of gravitational potential energy in the Himalayan-Tibetan orogenic system Plateau. These processes are not just modern phenomena; evidence that they have been active in the Himalaya for at least the past 20 million years suggests that the southern margin of the orogenic system may have achieved a dynamical steady state reflecting a rough balance between the accumulation of energy and its dissipation.
Potential Energy Gradients Around the Tibetan Plateau
Of all the energy accumulative processes that operate during orogeny the increase of gravitational potential energy in the system due to crustal thickening is among the most important. The gravitational potential energy (U) per unit area of a column of isostatically compensated lithosphere is equivalent to the integral of the body force over the vertical distance between the surface and the compensation horizon: It is unlikely that all high-Aoet/margins in Plate lb are zones of very rapid energy dissipation by crustal flow for three reasons: (1) the lithosphere is not mechanically isotropic, (2) the mechanisms available for transfer of matter out of the system vary from place to place along the margins, and (3) the system is subject to anisotropic forces related to plate convergence. Clark and Royden [.2000] have described how rheological variability might be important if, for example, the low-El/region adjacent to a high-Aoet/ margin is strong enough to act as a barrier to the lateral flow of lower crust. In particular, they suggested that the Longmenshan front may have developed because the crust was anomalously strong in the region of the Sichuan Basin, diverting eastward lower crustal flow through weaker channels to the north and south (Plate lb) It might be argued that one of the most important agents of energy dissipation, the erosion and transport of material out of the orogenic system through sedimentary processes, is most effective along the margins receiving the heaviest precipitation. Thus we might expect the Himalayan margin, which receives extremely high monsoonal precipitation, to support a higher rate of El/dissipation than the western Kunlun margin which receives far less precipitation, even though the two margins have comparable Aoet/in some areas. However it also might be argued that the high-El/ gradient along the Himalayan margin is dynamically supported by India-Eurasia convergence, and that this convergence effectively counteracts the horizontal components of buoyancy forces that might drive the southward flow of material from the Tibetan Plateau toward India. In order to evaluate the actual significance of dissipation along a particular high-Aoe•; margin it is important to investigate the dissipative capacity of deformational and eros•onal processes that occur now along those margins and to ask whether or not the geological record suggests a history of efficient material transport out of the system. In the next section we review geomorphologic Additional evidence for neotectonic activity on the STF system comes from the nature of PT•. This transition is manifested in the field by a combination of drainage divides and major knickpoints on large, trans-Himalayan rivers, and it marks a particularly obvious discontinuity in slope maps of the southern Tibetan Plateau region (Figure 2b) . PT• probably is not related to a change in precipitation rate (because it lies entirely within the rain shadow of the Himalaya) or the erosional susceptibility of the bedrock. It is also unlikely to be associated with a fundamental change in erosional mechanism, since the transition is not spatially related to the limit of glacial activity in the region [Duncan et al., 1998 ]. We interpret the sharpness of PT• as an indication of recent tectonic activity. Indeed, the discontinuity itself corresponds almost exactly to the youngest strand of the STF system in those regions where the fault system has been mapped in detail and where digital elevation data of sufficiently high quality are available to constrain the position of PT• and knickpoints on major drainages (Figure 2c ).
Effect of Coordinated Deformation and Erosion on the Southern Plateau Margin
Close scrutiny of the topographic slope map in Figures 2b and  2c shows that the highest relief along the southern margin of the Tibetan Plateau lies in a well-defined zone generally bound to the north and south by the surface traces of the STF and MCT systems. This implies a direct relationship between coordinated displacement on extensional and contractional fault systems and high erosion rates. We interpret the neotectonic and physiographic characteristics of the southern plateau margin as indicating the southward extrusion of a crustal wedge which is bound above by the STF system and below by the Himalayan sole thrust (Figure lb) Figure lb together provide a remarkably efficient mechanism for the dissipation of excess potential energy. While southward extrusion reduces the crustal thickness of the Himalayan-Tibetan system (and thus its gravitational potential energy per unit area), accelerated erosion at the margin of the system leads to the removal of mass (and therefore energy) from the system altogether. In our view, it is no accident that this "extrusionerosion" mechanism has developed along the southern plateau margin, where its dissipative efficiency is magnified by the highest potential energy gradients in the Himalayan-Tibetan system.
One of the most interesting characteristics of the extrusionerosion mechanism is that it accomplishes the dissipation of energy along a front of active N-S shortening without interfering with concurrent processes of energy accumulation related to India-Eurasia convergence. Unlike the dissipative extensional processes that accommodate the "collapse" of orogenic systems after convergence has ceased [Dewey, 1988] , 1992, 1993, 1996] , and Miocene wedge extrusion along the Himalayan front was articulated as a channel flow process by Grujic e! al. [1996] and Grasemann and gannay. [1999] . A key question regarding the long-term efficiency of this set of processes is how energy is transferred from other parts of the system to the dissipative margin. In our view this process requires the development of one or more channels of middle or lower crustal flow that feeds material to the southern margin, a notion suggested earlier by Nelson e! al. [1996] and Wu e! al.
[1998] on the basis of geophysical data interpreted as favoring a partially molten middle crust beneath Tibet. The rocks currently exposed in the Greater Himalayan Zone, which display abundant evidence of Miocene in situ anatexis at middle crustal levels, represent the modem leading edge of this feeder channel but also preserve a record of the kinematic evolution of the channel in their deformational fabrics. Studies of these features by Grujic e! al. [ 1996] , Hodges et al. [ 1996] , and Grasemann and Vannay [ 1999] suggest that the extrusion-erosion mechanism had been established along the southern plateau margin by early Miocene time, and the neotectonic evidence reviewed in this paper argues that it is still active today. If a steady state condition such as the one described here can develop in orogenic systems and persist over long timescales, it follows that the structural history of an orogen does not place unique constraints on the history of plate interactions responsible for their development, limiting the value of simple kinematic models. For example, evidence for extensional deformation or lateral extrusion in a convergent orogen at a particular time does not necessarily mean that wholesale gravitational collapse of the system had begun by that time. Instead, such processes may simply accommodate energy dissipation at a rate comparable to that of energy accumulation through other processes operating at the same time elsewhere in the system. A deeper understanding of orogenic systems requires that we concentrate research on more than just the temporal evolution of geological structures and landforms. We must also examine the geologic record for evidence of persistent process sets that might imply dynamical steady state conditions, and we must determine whether or not the forcing factors responsible for the initial development of major structural features continue to dictate their evolution over periods that may last tens of millions of years. Expanding our perspective to view the patterns of deformation and erosion in the context of energy flow may be an important part of rising to one of the great challenges before continental tectonics today: to define the process relationships that link the simple physics of mountain building to the rich complexity of mountain ranges.
Implications

